The present investigations were carried out on forty genotypes of jackfruit (Artocarpus heterophyllus Lam.) to determine the extent of variability present in the material and association among different traits. The genotypes were collected from six north-eastern states of India viz. Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram and Tripura during the two years 2016 and 2017. Selection and identification of superior genotypes were done following IPGRI jackfruit descriptor. The experiment was laid using randomized block design with three replications during the year 2016 and 2017 under Department of Fruit Science, College of Horticulture and Forestry, Chhetri et al.; CJAST, 33(4): 1-13, 2019; Article no.CJAST.47447 2 Central Agricultural University, Pasighat, East Siang, Arunachal Pradesh. The phenotypic coefficients of variability and genotypic coefficients of variability were recorded highest values for weight of fresh flake without seed (52.69% & 50.52%, respectively), stalk length (51.09% & 49.06%, respectively) and fruit weight (48.11% & 45.86%, respectively). High heritability coupled with high genetic gain was observed for stalk length, fruit weight, weight of fresh flake with seed and weight of fresh flake without seed traits. Genetic advance was recorded highest for 100-seed weight followed by stalk length and lowest for flake/fruit ratio followed by seed width traits. Yield per plant showed significant and positive genotypic correlation coefficient with fruit diameter, rachis diameter, fruit weight, petiole length, fruit length and flake length traits. The path coefficient analysis revealed that weight of fresh flake with seed has maximum positive direct effect on fruit yield per tree followed by weight of flakes per kg of fruit.
INTRODUCTION
The jackfruit (Artocarpus heterophyllus Lam.) is a commercially important minor fruit crop of India. It is reported to be indigenous to the rainforest of the Western Ghats of India [1] . Barrau [2] suggests that Malaysia could be the centre of origin due to the presence of wide variability of cultivars but no wild trees have been observed there. Jackfruit is tetraploid with a somatic chromosome number of 56 (2n=4x=56). It belongs to the family Moraceae along with fig, mulberry and hedge apple [3, 4] . The genus Artocarpus includes about 50 species with milky latex in the tropical Asia and Polynesia [2, 5, 6] .
Jackfruit is cultivated throughout the tropical lowlands in south and south-east Asia, parts of central and eastern Africa and Brazil. Major jackfruit producers are Bangladesh, India, Myanmar, Thailand, Vietnam, China, the Philippines, Indonesia, Malaysia, Sri Lanka and Nepal. India is the second largest producer of the jackfruit and is widely distributed in the states of Assam, Tripura, Bihar, Uttar Pradesh, Kerala, Karnataka and Tamil Nadu [7] . In north-eastern India, the leading jackfruit producing states are Tripura, Meghalaya, Sikkim, Manipur and Assam [8] . The region comprising Assam and Tripura produces major share of jackfruit in India and the total annual production in Assam is estimated to be nearly 1,75,000 tonnes [7] . The area under jackfruit cultivation in homestead gardens of Tripura is approximately 2,200 hectares with the production of 12,500 MT [8] .
Jackfruit tree is a multipurpose tree bearing largest edible fruit in the world and providing food, timber, fuel, fodder and medicinal products [9] . The tree is evergreen, medium-sized typically reaching 8-25 m in height producing fruits weighing upto 35 kg [10] . The fruit is a rich source of carbohydrates, proteins, vitamins, minerals and dietary fibre. It possesses antiinflammatory, antioxidant, antifungal, immunomodulatory, anti-diabetic, anti-bacterial and antihelmintic properties [11] . The ripe fruit is eaten as raw and tender immature fruits can be used as vegetable. The fruits can be canned and processed into products like wine, ice-cream, chips, jellies [12] , dehydrated bulbs and squash [13] , vinegar [14] , Preserve [15] and ready-toserve beverages [16] .
There exists a lot of variability among jackfruit genotypes in north-eastern region since most are raised from seeds. The phenotypic and genotypic coefficients of variability are an important tool for estimating the amount of variations present in the investigated genotypes. The knowledge of linkage of yield with other yield contributing traits is a vital instrument as yield is not an independent character. This inter-relationship study is helpful in determining the components of yield but path coefficients analysis provides a clear picture of nature and extent of contribution made by number of traits.
Jackfruit is an important component of homestead garden in north-east India. But there is a lack of study on the diversity and variability of jackfruit in north-east India. Recently, there was a study carried out by Singh et al. [8] in Tripura. There is no study till date which has covered the entire north-eastern region. Therefore, the present investigation was taken to study the nature and extent of genetic variability and association of different horticultural traits with yield among the jackfruit genotypes found in the north-east India.
MATERIALS AND METHODS
The present investigation entitled "Appraisement of Variability and Association among the Jackfruit (Artocarpus heterophyllus Lam.) Genotypes found in North-East India" was carried out on forty genotypes of jackfruit during the two years 2016 and 2017 under Department of Fruit Science, College of Horticulture and Forestry, Central Agricultural University, Pasighat, East Siang, Arunachal Pradesh. The selected genotypes were collected from six states of north-east India viz. Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram and Tripura (Table 1) . Physical parameters were recorded on site and plant samples viz. leaves and fruit samples were collected for further physical and biochemical analysis. Selection and identification of superior genotypes were done following IPGRI jackfruit descriptor [17] . The experiment was laid in randomized block design with three replications. For fruit and leaf characters analysis, three fruits and twenty leaves are randomly selected from each replication for two consecutive years i.e. 2016 and 2017. The statistical analysis was carried out for each observed character by using MS-Excel, OPSTAT and SPAR 1.0 packages. The mean values of data were subjected to analysis of variance as described by Gomez and Gomez [18] for Randomized Complete Block Design.
The Genotypic and Phenotypic Coefficients of variability were calculated as per formulae given by Burton and De Vane [19] .
PCV and GCV values were categorized as low (0-10%), moderate (10-20%) and high (>20%) values as indicated by Sivasubranian and Menon [20] .
Heritability in broad sense was calculated by the formula as suggested by Allard [21] . Heritability was classified as suggested Robinson et al. [22] into low (0-30%), moderate (30.1-60%) and high (>60%). The expected genetic advance (GA) was worked out as suggested by Allard [21] .
Genetic advance = H x ϭ p x K Where, K = 2.06 (Selection differential at 5 per cent selection index) ϭ p = Phenotypic standard deviation H = Heritability in broad sense Genetic gain expressed as per cent ratio of genetic advance and population mean was calculated by the method given by Johanson et al. [23] .
The GAM% was categorized into low (0-10%), moderate (10.1-20%) and high (>20%) as suggested by Johnson et al. [23] .
The genotypic and phenotypic correlations were calculated as per Al-Jibouri et al. [24] . The genotypic and phenotypic correlation coefficients were used in finding out their direct and indirect contribution towards yield per plant.
The direct and indirect paths were obtained by following Dewey and Lu [25] . The path coefficients were obtained by simultaneous selection of the following equations, which expresses the basic relationship between genotypic correlation 'r' and path coefficients (P). 
RESULTS AND DISCUSSION

Variability Studies
The phenotypic and genotypic coefficients of variability are an important tool for estimating the amount of variations present in the available or investigated genotypes. Among all the studied traits, phenotypic coefficients of variability were higher in magnitude than genotypic coefficients of variability which indicate that these traits are influenced by environmental factors ( Table 2) . Coefficients of variability varied in magnitude from character to character which shows the presence of diversity in the evaluated genotypes. As jackfruit trees are cross-pollinated and mostly seed propagated, they showed high degree of and leaf blade width (11.28%)whereas, low GCV was recorded for seed length (9.47%) ( Table 2 ).
These finding corroborate with the finding of Sharma et al. [27] and Maiti et al. [28] . Sharma et al. [27] observed high genotypic and phenotypic coefficient of variation for weight of bulbs without seed, weight of bulbs with seed and fruit weight. The phenotypic and genotypic coefficient of variation does not fully estimate the total heritable variations and therefore, computation of heritability becomes necessary. Burton and DeVane [19] has suggested that genetic coefficient 
Where, 1= Leaf blade length (cm), 2= Leaf blade width, 3= Petiole length (mm), 4= Stalk length (mm), 5= Stalk diameter (mm), 6= Fruit length (cm), 7= Fruit diameter, 8= Fruit weight (kg), 9= Fruit rind weight (kg), 10= Number of flakes/kg fruit, 11= Weight of flakes/kg fruit, 12= Weight of fresh flake with seed (g), 13= Weight of fresh flake without seed (g), 14= Flake/fruit ratio, 15= Flake length (cm), 16= Flake width (cm), 17= Rachis length (cm), 18= Rachis diameter, 19= Seed length (cm), 20= Seed width (cm), 21= 100-seed weight (g), 22= Number of seeds/kg fruit, 23= TSS (˚B), 24= Total sugar (%), 25= Reducing sugar (%), 26= Total carbohydrate (mg/g), 27= Protein content (µg/g), 28=
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Residual effect= 0.7241 Where, 1= Leaf blade length (cm), 2= Leaf blade width, 3= Petiole length (mm), 4= Stalk length (mm), 5= Stalk diameter (mm), 6= Fruit length (cm), 7= Fruit diameter, 8= Fruit weight (kg), 9= Fruit rind weight (kg), 10= Number of flakes/kg fruit, 11= Weight of flakes/kg fruit, 12= Weight of fresh flake with seed (g), 13= Weight of fresh flake without seed (g), 14= Flake/fruit ratio, 15= Flake length (cm), 16= Flake width (cm), 17= Rachis length (cm), 18= Rachis diameter, 19= Seed length (cm), 20= Seed width (cm), 21= 100-seed weight (g), 22= Number of seeds/kg fruit, 23= TSS (˚B), 24= Total sugar (%), 25= Reducing sugar (%), 26= Total carbohydrate (mg/g), 27= Protein content (µg/g), 28= Fruit yield per tree
Correlation Studies
Knowledge of degree of association of yield with its components is of great importance, because yield is not an independent character, but it is the resultant of the interactions of a number of component characters among themselves as well as with the environment in which the plants grow. Further, each character is likely to be modified by the action of genes present in the genotypes of plant and also by the environment and it becomes difficult to evaluate this complex character directly. Therefore, correlation study of yield with its component traits has been executed, to find out the yield contributing traits. The correlation coefficients among different characters were worked out at phenotypic and genotypic levels. (Table 4) . Similar results were obtained by Maiti [30] who recorded significant association of yield with fruit weight and fruit rind weight. These results are also in line with the work of Sharma et al. [31] indicating the scope of effective selection from these characters. Fruit weight was significantly positively correlated with fruit diameter followed by fruit length and fruit rind weight. (Table 5 ). Similar correlations of yield with various other horticultural traits had also been reported by Sharma and Sharma [32] in strawberry, who observed that yield per plant was significantly and positively associated with fruit length and fruit breadth. In the present study, the genotypic correlation coefficients were higher in magnitude than phenotypic correlation coefficients for most of the traits, this means that there is a strong association between any two characters, but the phenotypic values are lessened by the significant interaction of environment. Sharma et al. [31] also found higher genotypic correlation coefficients than phenotypic correlation coefficients for most of the characters. The characters such as number of flakes per kg of fruit, weight of fresh flake with seed, weight of fresh flake without seed, flake/fruit ratio, flake width, seed width, number of seeds per kg of fruit and total soluble solids showed no significant association with yield revealed that yield was independent of these characters. These findings is not in accordance with the finding of Maiti [30] who observed significant correlation of fruit weight with number of seeds and number of flakes.
Path Analysis
Although correlation studies are helpful in determining the components of yield but it does not provide a clear picture of nature and extent of contributions made by number of independent traits. Path coefficient analysis devised by Dewey and Lu [25] , provides a realistic basis for allocation of appropriate weightage to various attributes while designing a pragmatic programme for the improvement of yield. The path coefficient analysis at phenotypic level revealed that weight of fresh flake without seed (21.1008) has maximum positive direct effect on fruit yield per tree followed by 100-seed weight Table 6 ). In accordance with present investigation, Wangchu et al. [29] also observed positive direct effect of stalk length, fruit weight, weight of flakes per kg of fruit, flake length and 100-seed weight on fruit yield per tree. Further, the negative direct effect of weight of flake with seed, flake/fruit ratio, number of flakes per kg of fruit, fruit length, leaf blade length, stalk diameter, fruit rind weight, total sugar and flake width was observed on fruit yield per tree. Under this situation indirect selection for such traits should be practiced to reduce the undesirable direct effect. At genotypic level, weight of fresh flakes with seed (96.5952) has maximum positive direct effect on fruit yield per tree followed by weight of flakes per kg of fruit (9.7365), number of seeds per kg of fruit (6.5417), fruit length (4.3799), protein content of seed (1.6243), rachis diameter (1.6010), flake length (1.4732), reducing sugar (1.3496), leaf blade width (1.0691), seed width (0.9405), TSS (0.8564), fruit rind weight (0.6448), total sugar (0.3028), leaf blade width (0.1082) and fruit weight (0.0638). While, negative direct effect of weight of fresh flake without seed, 100-seed weight, flake/fruit ratio, rachis length, number of flakes per kg of fruit, fruit diameter, flake width, petiole length, stalk diameter, seed length, stalk length and total carbohydrate content of seed was observed on fruit yield per tree ( Table 7) . These findings will help in selecting superior genotypes. This is in accordance with some of the findings of Wangchu et al. [29] who recorded direct effect of fruit length, fruit weight, flake length and number of seed per kg of fruit on fruit yield.
CONCLUSION
The phenotypic coefficients of variability and genotypic coefficients of variability were recorded high for weight of fresh flake without seed, stalk length and fruit weight whereas low for seed length, leaf blade width and leaf blade length, respectively. High heritability coupled with high genetic gain was observed for stalk length, fruit weight, weight of fresh flake with seed and weight of fresh flake without seed. Genetic advance was recorded highest for 100-seed weight followed by stalk length and lowest for flake/fruit ratio followed by seed width. The correlation coefficients among the different characters were worked out at both phenotypic and genotypic levels. Genotypic correlations in general, were higher in magnitude than phenotypic ones. Yield per plant showed significant and positive genotypic correlation coefficient with fruit diameter, rachis diameter, fruit weight, petiole length, fruit length, flake length, leaf blade width, rachis length, seed length, reducing sugar, fruit rind weight, total sugar, 100-seed weight, stalk length, leaf blade length and weight of flakes per kg of fruit. At phenotypic level, yield per plant was positively and significantly associated with fruit diameter, fruit weight, rachis diameter, fruit length, rachis length, fruit rind weight, flake length, reducing sugars, stalk length, seed length, petiole length, total sugar and 100-seed weight. The path coefficient analysis revealed that weight of fresh flake with seed has maximum positive direct effect on fruit yield per tree followed by weight of flakes per kg of fruit, number of seeds per kg of fruit, fruit length, protein content of seed, rachis diameter, flake length, reducing sugar and leaf blade width on fruit yield at genotypic level. At phenotypic level, weight of fresh flake without seed has maximum positive direct effect on fruit yield per tree followed by 100-seed weight and number of seeds per kg of fruit. From this it is clear that there is a true relationship of these characters with yield and direct selection for this trait will be rewarding for the yield improvement in jackfruit.
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